Abstract: Structurally similar but charge-differentiated platinum complexes have been prepared using the bidentate phosphine ligands [Ph 2 B(CH 2 PPh 2 ) 2 ], ([Ph 2 BP 2 ], [1]), Ph 2 Si(CH 2 PPh 2 ) 2 , (Ph 2 SiP 2 , 2), and H 2 C(CH 2 PPh 2 ) 2 , (dppp, 3). The relative electronic impact of each ligand with respect to a coordinated metal center's electron-richness has been examined using comparative molybdenum and platinum model carbonyl complexes. Complexes supported by anionic [1] are shown to be appreciably more electron-rich than those supported by 2 and 3. The trans influence of the three ligands, however, appears to be very similar. A study of the temperature and THF dependence of the rate of THF self-exchange between neutral, formally zwitterionic [Ph 2 BP 2 ]Pt(Me)(THF) (13) affords a k rel ~ 3 (k rel = k 13 /k 13c ). The NMR data obtained for 13, 13b, and 13c suggest that ligand metallation processes involve both the diphenylborate and the arylphosphine positions of the [Ph 2 BP 2 ] auxiliary. The former type leads to a moderately stable and spectroscopically detectable platinum(IV) intermediate. All of these data provide a mechanistic outline of the benzene solution chemistries for the zwitterionic and the cationic systems that highlights their key similarities and differences.
I. Introduction
Organometallic cations are ubiquitous in homogeneous catalysis, with applications spanning catalytic C-E bond forming reactions (E = H, C, Si), polymerizations, and alkane activation processes. 1, 2 Our group is exploring the chemistry of neutral, formally zwitterionic complexes that are related to reactive organometallic cations supported by conventional phosphine and amine donors. 3 The neutral complexes of interest to us are characterized by (phosphino)-and (amino)borate ligands in which a borate unit is contained within the ligand backbone, partially insulated from the coordinated metal center, so as to preserve reactivity associated with their cationic relatives. Zwitterionic systems of this type may ultimately complement their cationic cousins by virtue of (i) their solubility and high activity in less polar, noncoordinating solvents, and (ii) their potential to show increased tolerance to polar or coordinating functional groups that one might expect to attenuate the reactivity of cationic systems.
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To begin evaluating this approach to catalysis, it needs to be established whether these neutral systems will give rise to reaction profiles traditionally associated with their cationic analogues and whether they will do so more or less competently. Many factors are likely to impact this issue, but it seems plausible that a borate counter-anion rigidly fastened in close proximity to a coordinated metal center will, to some extent, alter the complex's overall reactivity and the operational mechanism by which it mediates a reaction transformation. Therefore, it was of interest to study how the mechanisms of electronically distinct but structurally related neutral and cationic systems compare for a shared organometallic reaction process. Surprisingly little attention has been devoted to such issues previously. 4 In the present study, we examine the kinetic and mechanistic profiles of structurally related neutral and cationic platinum(II) systems that each mediate an elementary C-H bond activation process in benzene solution. In light of the intense interest in electrophilic C-H activation reactions mediated by late transition metal centers, 5,6,7,8,9,10,11,12,13 a C-H activation study that compares a neutral with a cationic system is timely. Three platinum(II) systems supported by the structurally related, bidentate phosphine ligands, [Ph 2 BP 2 ] [1], Ph 2 SiP 2 (2) , and dppp (3) (Figure 1 ) are featured. The major structural difference between complexes supported by [1] , 2, and 3 is in the ligand backbone, relatively remote from the phosphinecoordinated metal center. Ligand [1] contains an anionic borate unit that, when bound to a Pt II (X)(L) species, affords a neutral and formally zwitterionic [Ph 2 BP 2 ]Pt(X)(L) complex. In this neutral system, the anion is structurally contained within the ligand framework at a distance of ~ 4 Å from the coordinated platinum center in the solid-state. Ligand 2 replaces the diphenylborate unit of [1] with a structurally similar diphenylsilane unit, and ligand 3 contains the more common methylene backbone. Systems supported by 2 and 3 provide access to more conventional cationic species of the type [P 2 Pt II (X)(L)] [X´] , where the primary difference is that, in solution, the counter-anion is at an ill-defined distance from the coordinated platinum center and has the potential to ion-pair. Because a methyl solvento complex of each system proved capable of mediating an elementary benzene C-H bond activation process (Figure 1 ), the three systems provided an excellent opportunity for a comparative mechanistic study.
Herein, we provide structural, electronic, and kinetic information for the phosphine-supported neutral and cationic platinum(II) systems. We consider this data with respect to the mechanistic profile of each system in benzene solution, and we highlight several important and unexpected mechanistic distinctions between the systems. Figure 1 . Labeling scheme for the phosphine ligands featured in this paper and the model benzene C-H activation reaction used for the comparative study.
II. Results
This section presents comparative data obtained for complexes of the type [Ph 2 . Subsequent to a brief description of general synthetic and spectroscopic aspects of the precursor platinum complexes (section II.1), a comparative structural study of square planar platinum complexes supported by [1] , 2, and 3 is provided (section II.2). To gauge the relative electrophilicities of complexes supported by these phosphine donors, we report infrared data for platinum(II) methyl carbonyl complexes, as well as for an L 2 Mo(CO) 4 system (section II.3). Comparative data for THF ligand selfexchange, relevant to the discussion of benzene C-H bond activation chemistry, is then described (section II.4). The remaining experimental data concerns aspects of the benzene C-H bond activation process, with a focus on (i) the benzene activation and subsequent chemistry exhibited by the three systems (section II.5), (ii) the relative rates of benzene C-H activation (section II.6 and II.7), (iii) isotopic incorporation issues relevant to the activation step (section II.8), and (iv) solution NMR data for the isotopically labeled and unlabeled platinum zwitterions 13, 13b, and 13c (sections II.9a, b, and c).
II.1.
Synthesis and characterization of precursor complexes.
The syntheses for the anionic borate [Ph 2 BP 2 ] (1) and the key neutral complex [Ph 2 BP 2 ]Pt(Me)(THF) (13) have been reported previously. 3a Structurally related complexes were prepared using the neutral ligands Ph 2 Si(CH 2 PPh 2 ) 2 (Ph 2 SiP 2 , 2) and 1,3-bis(diphenylphosphino)propane (dppp, 3). The synthesis of ligand 2 has not been reported but was synthesized readily by addition of two equivalents of Ph 2 PCH 2 Li(TMEDA) to Ph 2 SiCl 2 (5.28 g, 82.3% yield). The chemical shifts ( 31 P NMR) for ligands [1] , 2, and 3 are shown in Table 1 .
Dimethyl platinum(II) complexes of ligands 1-3 were obtained by reaction with (COD)PtMe 2 14 Selected NMR data for these three complexes are also presented in Table 1 .
Protonation of the neutral dimethyl species 8 and 9 in dichloromethane in the presence of ca. 40 - , suggesting a more electron-rich metal center. The cationic methyl solvento complexes 14 and 15 were markedly more stable to both vacuum and halogenated solvents than zwitterionic 13. Complex 13 exhibited decomposition within minutes in dichloromethane at RT, whereas both 14 and 15 were stable for hours under similar conditions. Also, prolonged exposure of 13 to vacuum resulted in its degradation. Thus, to remove residual THF in the preparation of 13, it was critical to dry the sample carefully with a gentle stream of argon. X-ray diffraction studies were carried out on crystals of the dimethyl complexes 7-9 and the neutral methyl solvento complex 13 to confirm their structural analogy. Relevant structural representations are shown in Figure 2 , and noteworthy bond lengths and angles are presented in Table  2 . As anticipated, the solid-state structures of 7-9 are very similar. The Pt-P and Pt-C bond lengths are nearly identical for the three derivatives. The modest deviation observed in the C-Pt-C and P-Pt-P bond angles present in 7, 8, and 9 may reflect the presence of a counter-cation in the unit cell of anionic 7 that is not present in neutral 8 or 9. The extended lattice structure of 7 (see supporting information) shows that the ammonium cation packs very tightly within the wedge of a diphenylborate unit, and is also in close proximity to the methyl ligands of an adjacent platinum anion. This solid-state arrangement of the cation of 7 may slightly alter the ligand conformation of [Ph 2 BP 2 ] in 7 relative to 8 and 9. For comparison, the solid-state structure of zwitterionic 13 reveals a P-Pt-P angle (91.96(3)º) that is closer to the bite angles observed for both 8 and 9.
Another structural parameter of interest concerns the Pt-B distance in (phosphino)borate complexes 7 and 13. The borate anion in 7 is well-separated from the Pt-center at 4.117(1) Å. This compares well with the Pt-Si distance in neutral 8 (4.192(1) Å) and is slightly longer than the relevant Pt-C1 distance (3.838(1) Å) in 9 due to a slightly puckered chelate ring (Pt-C1 = 3.838(1) Å) in the latter. The Pt-B distance contracts only slightly in moving from anionic 7 to zwitterionic 13 (Pt-B = 4.007(6) Å in 13).
Structural and NMR parameters potentially sensitive to electronic differences between the neutral and cationic systems include the relative Pt-Me and Pt-P bond lengths obtained from the X-ray structures of 7-9, and the 1 J Pt-P and 2 J Pt-H coupling constants observed from their NMR spectra. Data of this type can be used to gauge the relative trans influence of a ligand coordinated to a square planar platinum(II) center.
Our data establishes that these parameters are relatively insensitive to the placement of an anionic diphenylborate unit in 7 versus incorporation of a neutral diphenylsilane in 8 (or a neutral methylene in 9). The average Pt-C bond lengths between isostructural 7 and 8 are virtually indistinguishable (ca. 2.13 Å), as are their Pt-P bond distances (ca. 2.28 Å). The magnitudes of the 2 J Pt-H coupling constants for 7-9 are also very similar (68, 69, and 69 Hz respectively, Table 1 ). The only parameter showing a significant variation amongst the three systems is the 1 J Pt-P coupling constant (Table 1) . The value for 7 (1892 Hz) is higher than in both 8 and 9 (1848 and 1812 Hz, respectively). Nonetheless, we conclude that the NMR and structural data collectively suggest that the [Ph 2 BP 2 ] ligand and its neutral relatives Ph 2 SiP 2 and dppp are similar with respect to the trans influence they each exhibit.
II.3. Gauging electronic effects using metal carbonyl complexes.
In this paper, we often refer to complexes of the type [Ph 2 BP 2 ]Pt(X)(L) (e.g., complex 13) as formally "zwitterionic." We choose this descriptor to highlight that the diphenylborate unit in these systems is not resonancedelocalized to the phosphine donor atoms, at least not by conventional resonance contributors. Regardless of this distinction, charge in both the neutral and cationic complexes, like all covalent systems, is highly distributed and assigning a formal charge to any atom or unit is invariably misleading. We do think, however, that the zwitterionic description for complexes of the type [Ph 2 The relative rates and mechanisms of ligand exchange in benzene solution are important to mechanistic considerations discussed in the next section. Measurement of the rate of THF self-exchange for complexes 13 and 14 was therefore examined in benzene-d 6 in the presence of excess THF through the NMR technique of magnetization transfer using a DANTE pulse sequence 20 (Scheme 3). Saturation of the free downfield THF resonance (ca. 3.6 ppm) transferred intensity to the downfield platinum-bound THF resonance (ca. 2.9 ppm) in each case, and the rate constant for THF exchange (k ex ) was extracted from the NMR data using the computer program CIFIT. 21 The dependence of the observed rate constant k ex on the concentration of THF was strikingly different between the neutral and cationic platinum systems. For neutral 13, k ex showed no [THF] dependence. In sharp contrast, cationic 14 showed a first-order dependence on [THF] for the observed rate constant (Figure 3a) . The extrapolated intercept for the plot of k ex versus THF equivalents for 14 intersects at the origin and thereby suggests negligible mechanistic dependence on the solvent (benzene) and/or the [B(C 6 F 5 ) 4 ] anion. 22 The absolute difference in the rate constant of THF selfexchange (k ex ) at a given temperature between complex 13 and 14 is only modest. For example, at 25 ºC, the rate constant for neutral 13 (k ex(298K) = 12.0 s -1 ) is ~ one third as large as that for cationic 14 (k ex(298K) = 38.5 M -1 s -1 ). More interesting is that the temperature dependence of k ex varies dramatically between 13 and 14. The rate constant k ex of 13 was examined over the temperature range 11.2 -48.9 ºC and provided an entropy and enthalpy of activation as follows: ∆S ‡ = 0.1 ± 5.4 e.u.; ∆Η ‡ = 16.0 ± 1.6 kcal/mol (Figure 3b ). Analogous data collected for cationic 14 over the temperature range 16.0 -44.6 ºC provided distinctly different values: ∆S ‡ = -30.2 ± 5.2 e.u. and ∆Η ‡ = 1.9 ± 0.5 kcal/mol (Figure 3b) .
The activation parameters obtained for cationic 14 (∆S ‡ = -30.2 ± 5.2 e.u.; ∆H ‡ = 1.9 ± 0.5 kcal/mol) are consistent with a classic associative mechanism of ligand exchange, in accord with the linear dependence of the exchange rate constant on THF concentration. 22 Associative ligand exchange is commonplace for ligand substitution in square planar platinum(II) systems 22 and is the mechanism we had anticipated for 14. Particularly noteworthy is that ∆H ‡ for 14 implies that THF exchange is a nearly thermoneutral process -the degree of Pt-O bond making and bond breaking is symmetric in the transition state.
Interpreting the activation parameters and lack of THF dependence on k ex of 13 is less straightforward. The remarkable difference in ∆H ‡ between 13 and 14 reflects a larger degree of Pt-O bond weakening in the transition state of 13 (i.e. an earlier transition state). Perhaps the simplest scenario to put forward for ligand exchange is therefore that of a purely dissociative mechanism that proceeds via a neutral 3-coordinate intermediate, "[Ph 2 BP 2 ]Pt(Me)". Given the increased electron-richness of the platinum center in 13 relative to 14, dissociation of a σ-donor ligand might be expected to be more favorable.
However, simple dissociative exchange mechanisms are rarely observed in platinum(II) substitution chemistry. 23a Even in cases where they have been reported, such as the systems elegantly put forth by Romeo, 23 certain assumptions are required to suggest the presence of a truly 3-coordinate intermediate species. Therefore, two additional mechanisms for THF exchange in 13 need also to be considered: solvolytic displacement of the bound THF from 13 by benzene itself, and an anchimeric mechanism whereby a bond pair from the ancillary [Ph 2 BP 2 ] ligand coordinates the platinum center prior to appreciable Pt-O bond breaking. These latter two possibilities constitute associative interchange mechanisms involving discrete 5-coordinate, rather than 3-coordinate, intermediates.
While we cannot distinguish between dissociative, solvent-assisted, or ligand-assisted exchange pathways from the data exchange data alone, the solution NMR data that are discussed below suggest that an anchimeric pathway for ligand exchange is most likely operative for neutral 13.
To probe for the possibility of an isotope-dependent change in the rate of THF self-exchange for neutral 13, we also investigated the d 20 -labeled complex 13c (see section II.9c). THF self-exchange for 13c was measured at 25 ºC and the observed rate constant was similar in magnitude to that measured for 13 at a similar temperature. As for 13, k ex for 13c was found to be independent of [THF] (Figure 3a ). As previously reported, 13 reacts in benzene solution at 50 ºC over a period of several hours to form 16 as the major product (~ 80%) with concomitant liberation of methane. 3a The cationic derivatives 14 and 15 reacted similarly, liberating methane to produce the corresponding phenyl derivatives 17 and 18 (Scheme 4). The phenyl complexes 16-18 were not stable to extended thermolysis, as evidenced by the growth of a single new signal in their respective 31 4 ] anions. Nonetheless, the core atoms of the cation of 19 were well enough resolved such that the molecular structure of the cation is presented in Figure 4 . The two platinum centers of the dinuclear complex are bound in an η 3 -fashion to a single phenyl ring of the bridging biphenyl group. The supporting information provides a more detailed discussion of this structure and its solution. Curiously, whereas complex 19 proved relatively stable to hydrolysis, complex 20 is quite moisture sensitive. [ASN] was independently prepared to corroborate its spectroscopic and electrospray mass spectral data. A small amount of a presumed bridgedbiphenyl species was also evident by 31 P{ 1 H} NMR, and by the orange solution color that developed upon prolonged thermolysis of 13. This minor species was isolated in very low yield (~ 10%) by fractional crystallization. An independent XRD study on crystals of this minor species again suffered from severe disorder problems. Connectivity consistent with the dinuclear complex {[Ph 2 BP 2 ]Pt(µ-η 3 :η 3 -biphenyl)} 2 was established, however.
To evaluate the benzene C-H bond reactivity of systems 13-15, reaction rates were measured under comparative conditions by monitoring the decay of the starting precursors 13-15 by either 31 P{ 1 H} NMR or 1 H NMR spectroscopy. The observed rate constants and half-lives are summarized in Table 4 , and relevant first-order plots are presented in Figures 5 and 6.
Both neutral 13 and cationic 14 displayed clean first order decay at 45 ºC and 55 ºC, respectively. The decay of cationic 15 was more complex. In all cases, the addition of five equivalents of THF slowed the thermal degradation of the starting methyl derivatives, though the attenuation in decay rate was more pronounced for the cations (by ca. a factor of 2). The absence of first order kinetics for cationic 15 can be attributed to the kinetically competitive degradation of 18 to the biphenyl complex 20. An inhibitory build-up of THF occurs at such a rate that it complicates the kinetics of 15 by comparison to 13 and 14. During the course of this study, Konze 12 Their recent paper describes a number of such coupling processes using different aryl substrates, including several crystal structures akin to that of 19. The key distinction that is worth highlighting between their work and the present study is that, in our systems, the phenyl intermediates that result from the C-H bond activation processes are in each case observable. Kubas postulates these mononuclear phenyl intermediates prior to the coupling reaction and demonstrates that such species do go on to the coupled product, but these species were not detected. We presume that a common mechanism for aryl coupling is prevalent in both sets of systems, but that the differences in size of the bidentate ligand chelate ring (six versus five) and the substituents on phosphorus (phenyl versus alkyl) gives rise to different reaction rates for the step converting the mononuclear phenyl species to their bridged biphenyl products. ; however, we have not been able to rigorously isolate or thoroughly characterize this species.
For each system the benzene thermolysis of 13-15 was carried out in both benzene and benzene-d 6 . The measured k H /k D ratio for 13 at 45 ºC was 1.26. We were unable to make a comparable measurement at 55 ºC due to the absence of a viable spectroscopic method. This value is strikingly different from that measured for 14 and that estimated for 15 at 55 ºC. The measured k H /k D ratio for 14 was 6.52 and that for 15 was similar, estimated to be ca. 6 by fitting the decay of 15 to a simple first order model. In addition to THF as the coordinatively labile donor L in this study, we also sought a more sterically hindered derivative. We chose the phosphine P(C 6 F 5 ) 3 as an appropriate L ligand candidate because of its relatively poor sigma donor ability and its unusually large Tolman cone angle (184º). 24 It also lacks potentially reactive aryl C-H bonds. We found that P(C 6 F 5 ) 3 displaced THF from 13 to provide the phosphine adduct complex [Ph 2 BP 2 ]Pt(Me){P(C 6 F 5 ) 3 } (25) cleanly and in favorable crystalline yield (83%). A structural representation of complex 25, along with a space filling representation, is shown in Figure 7 . It is presumed from the solid-state structure of 25 that the P(C 6 F 5 ) 3 coligand, in conjunction with the [Ph 2 BP 2 ] auxiliary, effectively blocks the platinum center with respect to associative approach of a fifth ligand.
While the platinum center is buried beneath the protective organic aromatic rings, complex 25 nonetheless reacts in benzene to quantitatively form the phenyl complex [Ph 2 BP 2 ]Pt(Ph){P(C 6 F 5 ) 3 } (26) with concomitant liberation of methane (Scheme 5). As might be expected, the benzene C-H activation process is much slower for 25 than for the corresponding THF adduct complex 13. The half-life for 25 was approximately 230 minutes at 90 ºC. The product phenyl complex 26 was also appreciably more stable at this elevated temperature than that of its neutral THF counterpart 16. The addition of 5 equivalents of P(C 6 F 5 ) 3 to a benzene solution of 25 significantly attenuated its rate of decay.
The analogous P(C 6 F 5 ) 3 
II.8. Isotopic incorporation into methane byproduct.
The degree of deuterium incorporated into the methane byproduct was determined after thermolysis of complexes 13-15, 25, and 29 in benzene-d 6 . The data are presented in Table 5 . The nature of the methane byproduct released in the benzene-d 6 C-D bond activation reaction was examined by first executing each reaction in a sealed J. Young tube, and then inspecting the methane region of the 1 H NMR spectrum after completion of the reaction. The integrated ratio of the methane byproducts reported is taken as an average of three separate experiments. Only two methane byproducts, CH 4 and CH 3 D, were observed for each of these five systems, and in no case was either isotopomer produced exclusively. The relative ratio of the two byproducts favored CH 4 for neutral 13: this result was markedly different from cationic 14 and 15 and the bulky phosphine-ligated complexes 25 and 29, all of which favored CH 3 D. We also noted that the aryl region of the 1 H NMR spectrum of 13 grew increasingly complex during the time course of its 
P{
1 H} NMR signals assigned to B, in that they all appear to decay at similar rates as 13 is slowly converted to 16 at 25 °C. Also, the methyl resonance assigned to B integrates as three times the intensity of the hydride resonance. Therefore, we assign a hydride, a methyl, and a [Ph 2 BP 2 ] ligand to a single platinum center in B, which we think is most consistent with a [Ph 2 BP 2 ]-metallated platinum(IV) complex. Because the hydride signal we assign to B is present even when the deuterated system 13c is examined (vide infra), we suggest that B is a platinum(IV) product derived from metallation at the diphenylborate unit of the [Ph 2 BP 2 ] ligand, rather than an arylphosphine position. Moreover, the chemical shift and coupling data for the hydride and methyl ligands of B are consistent with them being trans to a phosphine donor of the [Ph 2 BP 2 ] ligand. 25 These NMR data are consistent with two possible structures (Figure 10 ) for the intermediate referred to as B that we cannot distinguish. Both 5-and 6-coordinate platinum(IV) species have literature precedent, though 6-coordinate structures are certainly more common.
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At least one and possibly two other methyl resonances distinct from those for 13 and B could also be distinguished in the 1 H{ 31 P} NMR spectrum. More data is provided below to verify the presence of four spectroscopically detectable methyl-containing species when pure 13 is dissolved in benzene-d 6 at 25 ºC. The only well-resolved hydride signal that could be assigned with confidence at 25 ºC, however, was that arising from B. As a means to more definitively determine the number of methyl-containing species in solution, we chose to incorporate a 13 C-labeled methyl group into complex 13. Preparation of [Ph 2 BP 2 ]Pt( 13 CH 3 )(THF) (13b) proceeded from the same method as for 13, using (COD)Pt( 13 CH 3 ) 2 27 as the starting platinum material.
Dissolving 13b in C 6 D 6 and examining its NMR spectra at 25 ºC provided additional information about the species in solution. Definitely three and more likely four distinct sets of platinum-bound methyl resonances could be discerned in the 1 H{ 31 P} NMR spectrum of 13b. The methyl resonances of 13b that correlate to those assigned for unlabeled 13 showed the expected 1 J C-H coupling arising from the labeled carbon in 13b, and the signature 195 Pt satellites were discernable. The hydride signal at -4.4 ppm remained unchanged by comparison to the unlabeled derivative 13. We conclude that cis two-bond coupling between the methyl and hydride ligands of species B is therefore not resolvable.
The presence of four discrete methyl resonances in the benzene-d 6 13 C{ 1 H} NMR spectrum of 13b, presented in Figure 11 , corroborates our assignment of four distinct species in the 31 
P{
1 H} NMR spectrum of 13, although we cannot definitively correlate the observed signals. The 2 J C-P coupling can be discerned in each resonance and, in three cases, the 195 Pt satellites are observed. One doublet of doublets at 12.0 ppm (labeled 13b, 1 J Pt-C = 543 Hz, 2 J P-C = 4.4, 85 Hz) is consistent with the previously observed methyl for complex 13. Three additional doublets of doublets are also present, and are labeled as ×, ο, and * in Figure 11 . The signal for species × (13.5 ppm, 2 J P-C = 5, 90 Hz) is partially obscured by the platinum satellites of the methyl group of 13b, and its low intensity prevents the detection of platinum coupling. The signals assigned as ο and * are separated from 13b and ×, and each displays coupling to one platinum and two phosphorus atoms, arising at 5.5 ppm ( 1 J Pt-C = 367 Hz,
2
J P-C = 5, 88 Hz) and 4.1 ppm ( 1 J Pt-C = 525 Hz, 2 J P-C = 6, 86 Hz) respectively. Each of these signals displays coupling to 31 P that is consistent with one cis and one trans relationship.
The region between 150 and 400 ppm of the 13 6 Further confirmation that carbene hydrides are not formed in the case of 13 is that the signal due to 13 CH 4 in Figure 11 is very weak. This signal most likely results from very modest benzene or ligand activation at 25 ºC during the time course of the data collection (hours). We conclude that the species B, C, and D that were observed in the 31 Two other important results were revealed from examination of the rate of benzene C-H bond activation exhibited by 13c. The rate of decay of 13c was observed in benzene and benzene-d 6 , and the half-lives were approximately 54 min and 95 min, respectively. This provided an isotope effect of k H /k D ~ 1.8. Also, the rate of decay of 13c was about three times slower than that of unlabeled 13 in benzene-d 6 at 55 ºC, providing a k rel of ~ 3 between the two systems.
Additionally, the methane byproduct released during the benzene-d 6 thermolysis of 13c showed predominantly CH 3 D (1.0 CH 4 : 7.3 CH 3 D) rather than CH 4 , as was the case for 13. The implication of these labeling results to the overall solution chemistry of 13 will be more thoroughly discussed in the next section. We simply note for now the likelihood that reversible metallation at a phenylphosphine arm of 13 is likely operative, and a contributing factor to the rate of its intermolecular benzene C-H activation chemistry.
Considering the NMR data for 13, 13b, and 13c as a whole, it is possible to assign with confidence the presence of 13 Complexes 13, 14, and 15 each react in benzene to generate the phenyl derivatives 16, 17, and 18, respectively.
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Our primary aim in this section is to assemble the many pieces of data presented in the results section into a reasonable model that describes the intimate benzene solution chemistry of neutral 13 in comparison to its cationic analogues 14 and 15. Within this context, we will try to describe the mechanisms by which benzene enters the coordination sphere of the respective platinum centers, the factors that dictate the rate at which it undergoes C-H activation, and the role of the auxiliary phosphine ligand in each case. Because the solution chemistries of 14 and 15 appear to be very similar, we confine our comparative discussion to systems 13 and 14 and note by analogy that our conclusions between these two systems map to similar conclusions between 13 and 15.
The measured rates of first order decay exhibited by 13 and 14 in both benzene and benzene-d 6 provided two important pieces of data. First, complex 13 is more reactive towards intermolecular benzene C-H activation than 14. This was at first surprising. At the outset of our study, much attention was being drawn to increasingly electrophilic platinum systems, 5-12 the rationale being that more electrophilic systems would undergo C-H activation more rapidly. This study, in addition to recent studies by Bercaw 7 13 the overall ra and Bergman, establishes that a variety of factors dominate e to the pronounced kinetic deuterium isotope effect m in te of intermolecular C-H activation and that electronic factors can play an indirect, often non-intuitive, role.
Du easured for 14 (k H /k D = 6.52 at 55 ºC), compared to the modest if not negligible effect measured for 13 (k H /k D = 1.26 at 45 ºC), the rate of C-D activation in benzene-d 6 is approximately fourteen times faster for 13 than it is for 14 (t 1/2 at 55 ºC = 31 and 430 min, respectively). If we assume that the isotope effect remains relatively constant over temperature, we can extrapolate that the difference in rates in C 6 H 6 at 55 °C to be small, however, with 13 being about a factor of two faster. The measured differences in absolute rate reflect different operative mechanisms and therefore do not clearly provide information concerning how the relative electrophilicities of each system correlate to the rate of the elementary C-H bond-breaking step they each exhibit.
Each case showed a slowing of the rate of C-H activation the presence of additional equivalents of THF. It seems reasonable to assume for cationic 14 that THF is competing with benzene to bind to the metal center, in accord with the THF self-exchange data acquired in benzene-d 6 . Given that neutral 13 shows no [THF] dependence on the observed THF self-exchange rate constant, we interpret the [THF] dependence of the decay rate of 13 to imply that the addition of THF affects an equilibrium process that precedes C-H activation other than THF ligand self-exchange.
III.2. Evidence for reversible ligand metallation processes operative in the chemistry of neutral 13.
The solution NMR data obtained for parent 13, and its 13 If our assignment of B is correct, neutral 13 represents the first system in which a reversibly formed platinum(IV) intermediate is observable within a platinum(II) system that also mediates a well-defined, intermolecular C-H bond activation process. Given the similarity between a [Ph 2 BP 2 ] phenyl ring substrate and benzene itself, it is quite reasonable to suggest that the intermolecular benzene activation process also proceeds via a platinum(II/IV) couple, as has been asserted for a host of related platinum(II) systems that display intermolecular C-H activation chemistry.
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It appears to be possible to inhibit ligand metallation processes prevalent in 13 by turning to an L-type ligand that is more sterically encumbered. Such a comparison is provided by the solution chemistry of 25, featuring the P(C 6 F 5 ) 3 group. While 25 exhibits a similar benzene C-H activation reaction, thermolysis of 25 in benzene-d 6 gives rise to a very different ratio in the released methane isotopomers by comparison to 13. The observed ratio for 25 was very similar to that observed for its cationic counterpart 29. To explain these data, we suggest that the steric bulk of 25 prohibits anchimeric η 3 -binding of its [ 
III.3. Overall Mechanistic Summary.
The benzene solution chemistry we have observed for the neutral complex 13 is generally comparable to that observed for its isostructural but cationic relatives 14 and 15. Each system mediates an intermolecular benzene C-H bond activation process under a similar set of reaction conditions. The zwitterionic descriptor ascribed to 13 seems to comparatively predict its overall reactivity. However, important mechanistic differences exist that can be attributed to the role that the bis(phosphine)-ligand auxiliary plays in each respective system. These mechanistic distinctions most likely reflect electronic rather than steric differences.
For the cationic system 14 (and by analogy 15), the neutral bis(phosphine) chelate appears to be relatively innocent with respect to the C-H activation and THF exchange chemistry studied. From the THF self-exchange data for 14, we infer that ligand substitution proceeds in a bimolecular, associative fashion. We assume that this is true for THF displacement by benzene in benzene solution, a process we could not measure directly but can reasonably deduce by comparison to the THF self-exchange data. The C-H activation processes that occur in benzene solution for 14 appear also to be predominantly intermolecular in nature. Although we cannot rule-out the possibility of reversible ligand metallation processes operative in the benzene solution chemistry of 14 -indeed, a small amount of CH 4 is invariably observed as a byproduct upon thermolysis of 14 in benzene-d 6 -we suggest that any intramolecular activation processes are sufficiently dominated by intermolecular processes that it is a justifiable simplification to mechanistically focus on the latter type. In Figure 12 , we outline the simplest plausible mechanism (Path A) by which cationic 14 undergoes intermolecular benzene activation. The outlined mechanism is consistent with our data and is generally similar to that proposed for other L 2 Pt(Me) + systems that have been thoroughly described elsewhere.
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Key points to note in Path A are that benzene coordination to the cationic platinum center is likely an associative process, and the benzene activation step is likely to be ratedetermining, intimated by the large primary kinetic isotope effect that was observed for 14 (k H /k D ~ 6.52). While we might favor a benzene C-H activation step for the cationic system that occurs by oxidative addition from platinum(II) to give a platinum(IV) phenyl hydride, our data is unbiased and neither supports nor refutes this hypothesis.
The neutral system 13 differs from 14 in that the bis(phosphine) auxiliary is intimately involved in both ligand exchange and C-H activation processes operative in benzene solution. The zero-order dependence in THF for THF self-exchange reflects the ability of the [Ph 2 BP 2 ] ligand to assist in ligand exchange by an η 3 -binding mode, an intramolecular process akin to a solvent-assisted ligand substitution process. While THF loss might also be dissociative based upon our exchange data, the prevailing ligand metallation chemistry of 13 persuades us to discount this latter possibility. This propensity for the [Ph 2 BP 2 ] ligand to achieve an η 3 -binding mode dramatically impacts the nature of the C-H activation processes that are observed in benzene solution. Figure 12 . Postulated mechanisms for the predominant pathways leading to intermolecular benzene C-H activation chemistry for cationic 14 (upper mechanism, Path A) and zwitterionic 13 (lower mechanism, Paths B, C, and D).
In Figure 12 , we outline three mechanistic pathways to account for the solution chemistry of 13. These are labeled Path B, Path C, and Path D, respectively. Association of an aryl ring from the diphenylborate unit of 13 leads down Path B to a metallation process that generates a platinum(IV) methyl hydride complex (product B), an intermediate that can be spectroscopically detected. We do not think product B precedes an intermolecular benzene C-H activation step. Rather, we think that metallation at the diphenylborate unit is reversible and that product B is ultimately funneled along Paths C and D. Common to Paths C and D is an η 3 -binding mode for the [Ph 2 BP 2 ] auxiliary that involves the arylphosphine donor rather than the diphenylborate unit. Path C proceeds along a simpler scenario that invokes a [Ph 2 BP 2 ]-assisted benzene-d 6 substitution for THF, followed by oxidative addition of benzene-d 6 and reductive elimination of CH 3 D, the methane byproduct expected. The key distinction between Path C and Path A is the mechanism by which benzene enters the platinum coordination sphere. Our intuition is to suggest that the rate-determining step along Path C is the C-H activation step, and that the negligible primary kinetic isotope effect that was measured for 13 (k H /k D ~ 1.26) is due to the kinetic dominance of the fourth path, Path D. In this last pathway, arylphosphine ligand metallation processes occur that produce platinum(IV) methyl hydride-species distinct from product B (shown in Path B). Subsequent to ligand metallation, benzene-d 6 enters the platinum coordination sphere at one of several indistinguishable stages, each of which involves the reductive elimination of CH 4 (for simplicity only one scenario is presented in Figure   12 explicitly). C-D activation of benzene-d 6 , followed by a reverse metallation process that transfers dueteride into the [Ph 2 BP 2 ] ligand, ultimately leads to the phenyl platinum complex. Path D thus accounts for the high degree of CH 4 released by 13 in benzene-d 6 and the incorporation of deuteride into the [Ph 2 BP 2 ] ligand. We are comfortable explicitly invoking platinum(IV) intermediates along both Paths C and D that arise from oxidative addition of benzene-d 6 because of our spectroscopic evidence for a platinum(IV) species resulting from [Ph 2 BP 2 ] metallation (product B, Path B). Also, we emphasize that our inability to detect the platinum(IV) hydride species produced by [Ph 2 BP 2 ] metallation along Path D is because the ligand metallation process is itself rate-determining. Recall a key piece of evidence that supports this assertion -in both benzene and benzene-d 6 , the rate of decay of the d 20 -labeled derivative 13c is significantly slower than that of 13 itself (k 13 /k 13c ~ 3 in benzene-d 6 ). Under conditions in which Path D dominates and ligand metallation is ratedetermining, this is just what we expect.
The observation that the rate of decay of d 20 -labeled 13c is modestly slower in benzene-d 6 than in protio benzene (for 13c k H /k D ~ 1.8) is perhaps more curious, but is conveniently explained as follows: deuteration of the aryl positions of the [Ph 2 BP 2 ] ligand slows the rate of ligand metallation, and thereby attenuates the overall rate by which 13c traverses down Path D. This in turn funnels more of the system down Path C, a path insensitive to arylphosphine deuteration. In this manner, a pre-equilibrium shift in benzene-d 6 serves to amplify the primary kinetic isotope effect of Path C and thereby expose C-H activation as rate-determining along this path as well. We can therefore suggest that a C-H activation process of some sort is ratedetermining for each of the four distinct pathways that are outlined in Figure 12 .
The final task we are left with is to account for the large role that the [Ph 2 BP 2 ] ligand plays in the solution chemistry of neutral 13, whereas the Ph 2 SiP 2 ligand appears to be far more innocent with respect to the solution chemistry of cationic 14. The key distinction between the two ligands is the propensity for the [Ph 2 BP 2 ] ligand to achieve an η 3 -binding mode, a binding mode that is less prevalent for the neutral ligand Ph 2 SiP 2 . Because each ligand is sterically very similar, we commit ourselves to an electronic explanation that underscores the appreciably more electronrich nature of 13 relative to 14. It seems reasonable to suggest that some of the anionic borate charge is disseminated to the aryl groups of the [Ph 2 BP 2 ] ligand. This results in aryl groups in the [Ph 2 BP 2 ] ligand that are better electron-pair donors than the aryl groups of the neutral Ph 2 SiP 2 ligand. Therefore, although benzene outcompetes the aryl donors of the Ph 2 SiP 2 ligand with respect to coordinating platinum, thereby leading to the intermolecular solution chemistry observed, benzene does not outcompete the aryl groups of the [Ph 2 BP 2 ] ligand, and intramolecular processes become prevalent.
This subtle electronic distinction might thereby have the effect of skewing the overall mechanistic bias between the neutral and cationic systems.
The propensity for a structurally related neutral and cationic platinum(II) system to mediate intermolecular benzene C-H activation is generally comparable. However, the operational mechanism by which each system mediates this chemistry is distinct. The mechanism by which substrate coordination occurs, and the propensity for intramolecular ligand C-H activation processes, is clearly different between the neutral and cationic systems. This study, along with several others, 3 now allows us to conclude that zwitterions of the type described herein are generally capable of undergoing organometallic reactions akin to their cation cousins.
However, understanding the intimate mechanism by which these zwitterions mediate elementary reaction transformations will help to define a unique and complementary role for zwitterions in catalysis.
Experimental. Unless otherwise noted, all syntheses were carried out in the absence of water and dioxygen, using standard Schlenk and glovebox techniques. Tetrahydrofuran, diethyl ether, toluene, benzene, dichloromethane, and petroleum ether were deoxygenated and dried by thorough sparging with N 2 gas followed by passage through an activated alumina column. Hydrocarbon and ethereal solvents were typically tested with a standard purple solution of sodium benzophenone ketyl in tetrahydrofuran in order to confirm effective oxygen and moisture removal.
Deuterated chloroform, benzene, dichloromethane, acetonitrile, and acetone were purchased from Cambridge Isotope Laboratories, Inc. and were degassed by repeated freeze-pump-thaw cycles and dried over activated 3-Å molecular sieves prior to use. (12. 5 mg, 24.4 µmol) was added. After 10 min, 31 P NMR analysis showed the formation of one major product, consistent with the formulation of 16 (see (b) (2 mL) and added slowly to the stirring solution of (dppp)PtPh 2 . After addition was complete, the reaction was stirred for 10 min. Volatiles were removed under reduced pressure, and the mixture was triturated and washed with petroleum ether [2 x 2 mL]. The resulting white solids were dried under reduced pressure, providing off-white 18 (54.0 mg, 89.3%). 
